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!»)  Audible  tag  for  magnetic  electronic  article  surveillance  systems. 

©  A  tag  for  use  in  a  magnetic  article  surveillance 
system  comprising  an  antenna  means  responsive  to 
a  transmitted  magnetic  signal  and  a  piezolectric 
means  responsive  to  the  antenna  means  for  generat- 
ing  an  audible  acoustic  signal. 
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AUDIBLE  TAG  FOR  MAGNETIC  ELECTRONIC  ARTICLE  SURVEILLANCE  SYSTEMS 

Background  of  the  Invention 

This  invention  relates  to  tags  for  article  surveil- 
lance  systems  and,  in  particular,  to  tags  for  mag- 
netic  article  surveillance  systems. 

There  have  been  developed  over  recent  years 
many  types  of  tags  for  use  in  magnetic  article 
surveillance  systems.  In  particular,  there  have  been 
developed  a  number  of  so-called  "passive"  tags 
which  do  not  require  internal  power,  but  which  can 
generate  a  sensible  signal  when  subjected  to  a 
magnetic  field.  "Passive"  tags  are  considered  ad- 
vantageous  because  they  are  less  expensive,  have 
longer  life  and  are  lighter  than  tags  which  utilize 
internal  power  sources. 

U.S.  patent  4,622,543  discloses  one  type  of 
magnetic  tag  in  which  the  tag  is  formed  from  a 
magneto-strictive  ferromagnetic  strip  encased  with- 
in  a  hard  magnetic  container.  The  magnetic  con- 
tainer  is  adapted,  upon  being  magnetized,  to  arm 
the  ferrogmagnetic  strip  so  that  it  mechanically 
resonates  at  a  preselected  frequency. 

When  the  tag  of  the  '543  patent  passes 
through  an  interrogation  zone  in  which  magnetic 
energy  is  transmitted  at  or  near  the  resonant  fre- 
quency,  the  magneto-strictive  strip  mechanically 
resonates  or  vibrates  at  the  resonant  frequency. 
This  vibration  produces  an  acoustic  signal  which  is 
received  by  an  acoustic  receiver  at  a  location  re- 
mote  from  tag.  The  receiver  processes  the  acoustic 
signal  and  generates  an  alarm,  indicating  presence 
of  the  tag  and  its  corresponding  article  in  the  zone. 

While  the  tag  of  the  '543  patent  provides  the 
desired  indication  that  a  tag  is  passing  through  an 
interrogation  zone,  it  is  sometimes  desirable  to  be 
able  to  more  closely  determine  the  exact  location 
of  the  tag  in  the  zone.  U.S.  patent  4,573,042  dis- 
closes  a  tag  which  allows  such  closer  determina- 
tion  by  itself  emitting  an  audible  sound  when  in  an 
interrogation  zone.  The  tag  of  the  '042  patent, 
however,  is  an  active  tag  adapted  for  use  with  radio 
frequency  interrogation  signals  and  is  not  readily 
adaptable  to  magnetic  systems. 

It  is,  therefore,  a  primary  object  of  the  present 
invention  to  provide  an  improved  tag  for  a  mag- 
netic  article  surveillance  system. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  passive  tag  for  a  magnetic  article  surveil- 
lance  system  which  is  able  to  provide  an  indication 
of  the  location  of  the  tag  in  the  interrogation  zone 
of  the  system. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  passive  tag  for  a  magnetic  article  surveil- 
lance  system  in  which  the  tag  itself  emits  an  au- 
dible  signal  for  location  identification. 

Summary  of  the  Invention 

In  accordance  with  the  principles  of  the  present 
invention,  the  above  and  other  objectives  are  re- 

5  alized  in  a  tag  comprising  an  antenna  means  and  a 
piezoelectric  means  responsive  to  the  antenna 
means  for  generating  an  audible  acoustic  signal. 
The  antenna  means  and  piezoelectric  means  are 
adapted  to  form  a  circuit  responsive  to  signals  at 

w  the  acoustic  resonant  frequency  of  the  piezoelectric 
means,  thereby  resulting  in  an  audible  signal  when 
the  antenna  means  is  subjected  to  a  magnetic 
signal. 

m  Brief  Description  of  the  Drawings 

The  above  and  other  features  and  aspects  of 
the  present  invention  will  become  more  apparent 
upon  reading  the  following  detailed  description  in 

20  conjunction  with  the  accompanying  drawings,  in 
which: 

FIG.  1  shows  an  article  surveillance  system 
utilizing  a  tag  in  accordance  with  the  principles  of 
the  present  invention; 

25  FIGS.  2  and  3  illustrate  first  and  second  em- 
bodiments  of  the  tag  of  FIG.  1  ;  and 

FIG.  4  shows  a  further  article  surveillance  sys- 
tem  using  a  tag  in  accordance  with  the  principles 
of  the  present  invention. 

30 
Detailed  Description 

FIG.  1  shows  a  magnetic  article  surveillance 
system  1  utilizing  a  tag  11  in  accordance  with  the 

35  principles  of  the  present  invention.  The  system  1  is 
adapted  to  detect  the  presence  of  articles,  such  as, 
for  example,  the  article  12.  This  is  accomplished 
by  affixing  the  tag  11  to  the  article  12  and  detect- 
ing  the  presence  of  the  tag. 

40  More  particularly,  the  system  1  comprises  a 
transmitter  2  which  propagates  or  transmits  a  mag- 
netic  field  in  the  region  of  the  article  12.  The  tag  11 
is  adapted  to  respond  to  the  magnetic  field  by 
generating  an  acoustic  signal. 

45  In  accordance  with  the  principles  of  the  inven- 
tion,  the  tag  11  is  further  adapted  so  that  the 
acoustic  signal  generated  is  audible.  This  permits 
the  location  of  the  tag  and  article  to  be  more  easily 
and  quickly  determined. 

so  FIG.  2  shows  the  details  of  the  tag  11.  As 
shown,  the  tag  comprises  an  antenna  13,  which 
may  be  fabricated  from  a  number  of  turns  of  wire, 
and  a  piezoelectric  element  or  crystal  14  whose 
resonant  frequency  is  in  the  audible  range.  The 
antenna  13  and  the  crystal  14  are  connected  in 
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parallel  and  act  to  respond  to  signals  at  the  acous- 
tic  resonant  frequency  of  the  crystal.  This  is  ac- 
complished  by  forming  the  antenna  13  so  that  its 
squivalent  inductance  L  and  the  equivalent  capaci- 
tance  C  of  the  piezoelectric  crystal  14  enable  the 
desired  response. 

When  the  transmitter  2  transmits  a  magnetic 
field  of  suitable  magnitude  at  or  near  the  resonant 
frequency  of  the  crystal  14,  this  field  induces  a 
voltage  in  the  circuit  formed  by  the  crystal  and 
antenna  13  of  the  tag  11.  The  induced  voltage  then 
sxcites  the  crystal  14  causing  it  to  mechanically 
vibrate  at  its  resonant  frequency.  This,  in  turn, 
produces  the  aforementioned  audible  acoustic  sig- 
nal,  which  allows  the  location  of  the  tag  11  to  be 
determined  by  following  the  sound. 

FIG.  3  shows  a  second  embodiment  of  the  tag 
11.  This  embodiment  permits  the  transmitter  2  to 
operate  at  frequencies  other  than  the  resonant  fre- 
quency  of  piezoelectric  crystal  14.  In  particular,  in 
this  case,  the  transmitter  2  transmits  a  higher  fre- 
quency  signal  which  is  amplitude  modulated  at  the 
resonant  frequency  of  the  crystal. 

To  be  able  to  respond  to  the  resonant  fre- 
quency  content  of  the  transmitted  signal,  the  tag  1  1 
of  FIG.  3  is  provided  with  an  AM  demodulator 
which  demodulates  the  signal  to  recover  the  reso- 
nant  frequency  signal.  In  the  case  shown,  the  AM 
demodulator  comprises  a  rectifier,  shown  as 
Schotky  diode  15,  placed  in  series  with  the  antenna 
13  and  crystal  14,  and  a  resistor  16  placed  in 
parallel  with  the  crystal.  The  demodulator  makes 
the  circuit  of  the  antenna  and  crystal  responsive  to 
the  resonant  frequency  signal,  causing  the  crystal 
to  mechanically  vibrate  and  deliver  the  desired 
audible  signal. 

In  the  tags  1  1  of  FIGS.  2  and  3,  the  electrical 
circuit  formed  by  the  crystal  14  and  the  antenna  13 
need  not  itself  be  resonant  at  the  acoustic  resonant 
frequency  of  the  crystal.  All  that  is  required  is  that 
the  circuit  be  sufficiently  responsive  at  such  acous- 
tic  resonant  frequency  to  provide  a  signal  to  the 
crystal  14  of  high  enough  level  to  cause  the  crystal 
to  mechanically  vibrate.  Accordingly,  in  the  case  of 
the  FIG.  3  embodiment,  the  resonant  frequency  of 
the  circuit  may  be  selected  to  be  at  the  frequency 
of  transmission  of  the  magnetic  field  so  as  to 
promote  efficient  reception  of  the  signal,  as  long  as 
the  circuit  is  also  sufficiently  responsive  to  the 
demodulated  signal  to  provide  an  audible  signal 
from  the  crystal. 

In  a  particular  embodiment  of  the  tag  11  of 
FIG.  2  of  the  invention,  the  piezoelectric  crystal  14 
was  a  7BB-27-4  piezoelectric  sounder  manufac- 
tured  by  Murata  Erie.  The  crystal  had  a  resonant 
frequency  of  approximately  3.3  kHz  and  an  equiv- 
alent  capacitance  of  17nf.  The  antenna  13  com- 
prised  173  turns  of  39  gauge  MAG  wire  and  had  an 

equivalent  inductance  of  6.6  mH.  I  he  same  tag  n  
was  formed  in  accordance  with  the  Fig.  3  embodi- 
ment  by  using  an  HP  2800311  Schotky  diode  as 
rectifier  element  15  and  a  10K  resistor  as  resistor 

5  16. 
In  the  system  of  FIG.  1,  the  nature  of  the 

transmitter  2  will  depend  upon  a  variety  of  factors, 
an  important  one  of  which  is  the  level  of  the 
magnetic  field  needed  to  cause  a  discernible  au- 

w  dible  output  from  the  tag  11.  To  reduce  power 
requirements,  the  transmitter  2  may  be  a  unit 
which  is  situated  in  or  can  be  brought  into  close 
proximity  to  the  article  12.  As  an  example,  the 
transmitter  2  may  be  included  in  a  hand  held  unit 

15  which  scans  the  articles. 
FIG.  4  illustrates  an  electronic  article  surveil- 

lance  system  41  in  which  the  transmitter  2  is  such 
a  hand  held  unit,  and  in  which,  prior  to  use  of  the 
transmitter  2,  a  further  transmitter  42  is  used  to  first 

20  detect  the  presenece  of  the  tag  11  and  article  12  in 
an  interrogation  zone  43.  More  particularly,  in  the 
FIG.  4  embodiment,  the  tag  11  causes  perturba- 
tions  to  the  magnetic  field  transmitted  from  the 
transmitter  42.  These  perturbations  are  electrically 

25  detected  by  an  antenna  and  receiver  44  and  the 
detected  perturbations  used  to  sound  an  alarm  45 
to  indicate  presence  of  the  tag  1  1  in  the  zone  43. 

Once  the  alarm  45  has  sounded,  the  transmit- 
ter  2  in  the  hand  held  unit  is  brought  close  to  the 

30  article  12  in  the  zone  43  and  the  transmitter  2  is 
then  caused  to  transmit  its  magnetic  field.  The  tag 
1  1  responds  to  this  field  by  generating  an  audible 
acoustic  signal,  as  above-described,  thereby  iden- 
tifying  the  location  of  the  article  12. 

35  In  the  FIG.  4  embodiment,  the  field  transmitted 
by  the  transmitter  42  is  preferably  at  frequency 
which  promotes  efficient  coupling  of  energy  into 
the  tag  11.  More  preferably,  it  is  at  the  resonant 
frequency  of  the  circuit  of  the  antenna  13  and 

40  piezoelectric  crystal  14  making  up  the  tag  11.  The 
field  transmitted  by  the  transmitter  2,  on  the  other 
hand,  is  preferably  at  a  frequency  to  ensure  an 
audible  tag  output.  More  preferably,  it  is  at  the 
acoustic  resonant  frequency  of  the  crystal  1  4  of  the 

45  tag  11. 
It  should  be  noted  also  that  by  using  the  tag  1  1 

of  FIG.  3,  the  system  of  FIG.  4  may  be  realized 
without  use  of  a  separate  hand  held  unit  for  the 
transmitter  2.  In  particular,  the  field  of  the  transmit- 

50  ter  42  can  serve  to  cause  both  an  alarm  output 
from  the  alarm  45  and  an  audible  output  from  the 
tag  11  when  the  tag  11  is  present  in  the  zone  43. 
This  can  be  accomplished  by  the  transmitter  42 
transmitting  a  field  which  is  at  the  resonant  fre- 

55  quency  of  the  circuit  of  the  antenna  13  and  crystal 
14  and  which  is  also  amplitude  modulated  at  the 
acoustic  resonant  frequency  of  the  crystal.  With 
this  type  of  field,  the  circuit  of  the  tag  will  cause  a 

3 
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sufficient  perturbation  of  the  transmitted  field  to 
alarm  the  unit  45,  while  at  the  same  time  re- 
covering  sufficient  modulated  signal  to  cause  au- 
dible  vibration  of  the  crystal  14  in  the  manner 
described  above. 

Another  possible  modification  of  the  system  of 
FIG.  4,  is  to  also  use  a  single  transmitter  42  and  to 
replace  the  antenna  and  receiver  44  with  an  acous- 
tic  receiver.  In  such  case,  the  tag  of  FIG.  2  would 
be  used.  Moreover,  the  transmitted  field  would  be 
at  the  acoustic  resonant  frequency  of  the  crystal  1  4 
and  of  such  magnitude  that  the  resultant  acoustic 
signal  from  the  crystal  would  be  audible  and  at  a 
high  enough  level  to  be  picked  up  by  the  receiver 
44,  causing  the  alarm  45  to  also  sound. 

In  the  case  of  the  FIG.  3  embodiment  of  tag  1  1 
of  the  invention,  the  tag  was  adapted  to  provide  to 
transmitted  electromagnetic  field  that  was  ampli- 
tude  modulated  at  the  acoustic  resonant  frequency 
of  the  crystal  14.  The  tag  11  may  instead  be 
designed  to  be  responsive  to  transmitted  elec- 
tromagnetic  waves  which  are  frequency  modulated 
at  the  latter  acoustic  resonant  frequency.  In  such 
case,  the  tag  1  1  of  FIG.  3  would  be  further  modi- 
fied  to  include  capacitor  Ci  (shown  in  dotted  line  in 
FIG.  3)  which  together  with  the  antenna  inductance 
L  forms  a  resonant  circuit  at  the  acoustic  resonant 
frequency.  With  such  a  modification,  the  tag  1  1  will 
act  to  frequency  demodulate  the  transmitted  signal 
to  recover  the  acoustic  resonant  frequency  signal. 
The  recovered  signal  will,  in  turn,  then  cause  the 
crystal  to  resonate  and  provide  the  audible  re- 
sponse. 

In  all  cases  it  is  understood  that  the  above- 
identified  arrangements  are  merely  illustrative  of 
the  many  possible  specific  embodiments  which 
respresent  applications  of  the  present  invention. 
Numerous  and  varied  other  arrangements  can 
readily  be  devised  in  accordance  with  the  princi- 
ples  of  the  present  invention  without  departing  from 
the  spirit  and  scope  of  the  invention. 

Claims 

1.  A  tag  for  use  in  a  magnetic  article  surveillance 
system  comprising: 

antenna  means  responsive  to  a  magnetic 
field; 
and  piezoelectric  means  responsive  to  said 
antenna  means  for  generating  an  audible 
acoustic  signal. 

2.  A  tag  in  accordance  with  claim  1  wherein: 
said  piezoelectric  means  has  an  acoustic 
resonant  frequency; 
said  antenna  means  and  said  piezoelectric 
means  are  connected  to  form  a  circuit 

which  is  responsive  to  signals  at  said 
acoustic  resonant  frequency; 
and  said  audible  acoustic  signal  is  at  said 
acoustic  resonant  frequency. 

5 
3.  A  tag  in  accordance  with  claim  2  wherein: 

said  magnetic  field  is  at  said  acoustic  reso- 
nant  frequency. 

w  4.  A  tag  in  accordance  with  claim  2  wherein: 
said  magnetic  field  is  at  a  higher  frequency 
than  said  acoustic  resonant  frequency  and 
is  modulated  at  said  acoustic  resonant  fre- 
quency; 

75  and  said  tag  further  includes  demodulator 
means  for  demodulating  the  signal  devel- 
oped  by  said  antenna  means  in  response  to 
said  magnetic  field  and  for  coupling  said 
demodulated  signal  to  said  piezoelectric 

20  means. 

5.  A  tag  in  accordance  with  claim  4  wherein: 
said  magnetic  field  is  amplitude  modulated 
at  said  acoustic  resonant  frequency; 

25  said  piezoelectric  means  comprises  a  pi- 
ezoelectric  crystal;  and 
said  demodulator  means  comprises:  a  resis- 
tor  connected  across  said  crystal;  and  a 
rectifier  having  a  first  end  connected  to  one 

30  end  of  said  resistor  and  a  second  end  con- 
nected  to  one  end  of  said  antenna  means. 

6.  A  tag  in  accordance  with  claim  5  wherein: 
said  rectifier  means  comprises  a  Schotky 

35  diode. 

7.  A  tag  in  accordance  with  claim  4  wherein: 
said  magnetic  field  is  frequency  modulated 
at  said  acoustic  resonant  frequency 

40  said  magnetic  field  is  frequency  modulated 
at  said  acoustic  resonant  frequency; 
said  piezoelectric  means  comprises  a  pi- 
ezoelectric  crystal;  and 
said  demodulator  means  comprises:  a  resis- 

ts  tor  connected  across  said  crystal;  a  capaci- 
tor  connected  across  said  antenna  means; 
and  a  rectifier  having  a  first  end  connected 
to  one  end  of  said  resistor  and  a  second 
end  connected  to  one  end  of  said  antenna 

so  means. 

8.  A  tag  in  accordance  with  claim  1  wherein: 
said  piezoelectric  means  comprises  a 
piezolectric  crystal  connected  across  said 

55  antenna  means. 

9.  An  electronic  article  surveillance  system  com- 
prising: 

4 
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means  for  transmitting  a  magnetic  field; 
and  a  tag  comprising: 
antenna  means  responsive  to  said  magnetic 
field;  and  piezoelectric  means  responsive  to 
said  antenna  means  for  generating  an  au-  5 
dible  acoustic  signal. 

10.  A  system  in  accordance  with  claim  9  wherein: 
said  piezoelectric  means  has  an  acoustic 
resonant  frequency;  10 
said  antenna  means  and  said  piezoelectric 
means  are  connected  to  form  a  circuit 
which  is  responsive  to  signals  at  said 
acoustic  resonant  frequency; 
and  said  audible  acoustic  signal  is  at  said  75 
acoustic  resonant  frequency. 

11.  A  system  in  accordance  with  claim  10  wherein: 
said  magnetic  field  is  transmitted  at  said 
acoustic  resonant  frequency.  20 

12.  A  system  in  accordance  with  claim  10  wherein: 
said  magnetic  field  is  transmitted  at  a  high- 
er  frequency  than  said  acoustic  resonant 
frequency  and  is  modulated  at  said  acoustic  25 
resonant  frequency; 
and  said  tag  further  includes  demodulator 
means  for  demodulating  the  signal  devel- 
oped  by  said  antenna  means  in  response  to 
said  magnetic  field  and  for  coupling  said  30 
demodulated  signal  to  said  piezoelectric 
means. 

13.  A  system  in  accordance  with  claim  9  further 
comprising:  35 

receiver  means  for  receiving  said  audible 
signal  and  generating  an  alarm. 

14.  A  system  in  accordance  with  claim  9  further 
comprising:  40 

means  for  transmitting  a  further  magnetic 
field,  said  tag  being  responsive  to  said  fur- 
ther  magnetic  field  and  causing  a  perturba- 
tion  to  said  further  magnetic  field; 
and  antenna  and  receiver  means  for  receiv-  45 
ing  and  detecting  said  perturbation  and  gen- 
erating  an  alarm. 

15.  A  system  in  accordance  with  claim  9  wherein: 
said  tag  causes  a  perturbation  to  said  mag-  50 
netic  field; 
and  said  system  further  comprises  antenna 
and  receiver  means  for  receiving  and  de- 
tecting  said  perturbation  and  generating  an 
alarm.  55 
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